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(57) ABSTRACT

A method and apparatus for configuring and tuning a crystal
by selectively controlling a fluid supplied to a plurality of
nodes within a substrate. The apparatus comprises a sub-
stratec having at least one node that can be selectively
supplied with a liquid that will change the material property
of the node. The node may be a spherical cavity 1n a
three-dimensional structure, a cylindrical aperture 1in two-
dimensional structure, or a cavity in a one-dimensional
structure. The node or nodes 1n the substrate are coupled to
a fluid distribution assembly that selectively alters the mate-
rial property of the nodes. The material property may be
changed by moving the fluid or material in a fluid, using
clectrohydrodynamic pumping, electroosmotic pumping,
clectrophoresis, thermocapillarity, electrowetting or electro-
capillarity. The change 1n the material property in at least
onc of the nodes changes the electromagnetic radiation
filtering or switching characteristics of the crystal.

26 Claims, 5 Drawing Sheets
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METHOD AND APPARATUS FOR
CONFIGURING AND TUNING CRYSTALS
TO CONTROL ELECTROMAGNETIC
RADIATION

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application claims benefit of U.S. provisional patent
application Ser. No. 60/281,180, filed Apr. 3, 2001 and

application serial No. 60/284,806, filed Apr. 19, 2001 which
are herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to electromagnetic
radiation control devices. More specifically, the present
invention relates to a method and apparatus for configuring
and tuning crystals for switching and filtering of electro-
magnetic radiation.

2. Description of the Related Art

In communications systems using optical multiplexing
such as dense wavelength, division multiplexing (DWDM),
wavelength division multiplexing (WDM), time division
multiplexing (TDM) and the like, the distribution of optical
information 1s facilitated by the use of components such as
fiber optic gratings, interferometers, various types of {ilters
and the like. Traditional optical components, which are
fabricated 1n plastic, semiconductor, or glass, are largely
fixed 1n their optical properties by their rigid, essentially
permanent structures. Thus, 1n this context, the distribution
of optical information 1s also fixed and the service provider
1s unable to change the configuration of the DWDM, WDM
or TDM format, e.g., distribution, without physically chang-
ing the communications system.

One type of photonic crystal known in the art comprises
a glass or semiconductor substrate having a plurality of
cylindrical apertures formed therethrough 1n a pattern. Some
or all of the cylindrical apertures, such as pillars can be filled
with a material having a refractive index different from the
refractive index of the substrate.

As light 15 1njected 1nto one end of the substrate, the light
interacts with the pillars. The light, as 1t propagates through
the crystal, will be split into multiple paths that construc-
fively and deconstructively interfere with one another to
ciiectively filter the light as 1t passes through the crystal. For
example, a particular bandwidth of light propagates through
the filter and other wavelengths of light are either reflected
or absorbed within the crystal structure. Generally, the
spacing of the pillars and their refractive indices defines a
filter that reflects a certain bandwidth of wavelengths of
light. The pillars may be filled with gas, fluid or solid
materials having various refractive indices. Crystal struc-
tures of this type are formed for a specific use and filter a
specific wavelength of light and are not reconfigurable 1n a
selective manner. As such, the crystals are used 1n applica-
tions where a fixed filter 1s necessary or desired.

Therefore there 1s a need 1n the art for a method and
apparatus for configuring and tuning a photonic crystal.

SUMMARY OF THE INVENTION

The present invention 1s a method and apparatus for
configuring and tuning a crystal by selectively controlling a
fluad supplied to a plurality of nodes formed 1n a substrate.
The apparatus comprises a substrate having at least one node
that can be selectively supplied with a fluid that changes a
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material property of the node. The material property may
include refractive index, magnetic permeability, inducible
refractive index, absorption and the like. The node may be
a spherical cavity 1n a three-dimensional structure, a cylin-
drical aperture 1n a two-dimensional structure, or a cavity in
a one-dimensional structure. The node or nodes within the
substrate are coupled to a fluid distribution assembly that
selectively alters the material property of the node(s). The
material property may be changed by moving the fluid, or a
material 1n a fluid, using electrohydrodynamic pumping,
clectroosmotic pumping, electrophoresis, thermocapillarity,
clectrowetting or electrocapillarity. Such crystal structures
can be used to switch or filter electromagnetic radiation such
as light or microwaves.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present invention are attained and can be understood 1n
detail, a more particular description of the invention, brietly
summarized above, may be had by reference to the embodi-
ments thereof which are illustrated in the appended draw-
Ings.

It 1s to be noted, however, that the appended drawings
illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of 1its scope, for the
invention may admit to other equally effective embodi-
ments.

FIG. 1 1s a perspective view of one embodiment of the
present 1nvention;

FIG. 2 1s a top plan view of the configurable photonic
crystal structure of FIG. 1;

FIG. 3 1s a cross section view of the configurable photonic
crystal taken along line 3—3 of FIG. 1;

FIG. 4 1s cross sectional view of the configurable photonic
crystal taken along line 3—3 of FIG. 1 having a refractive
index 1n one node being altered;

FIG. 5 1s a graph of transmission percentage versus
wavelength for one embodiment of the invention;

FIG. 6 1s a graph of transmission percentage versus
wavelength for another embodiment of the invention;

FIG. 7 1s a top plan view of another embodiment of the
mvention;

FIG. 8 1s a top plan view of the embodiment 1n FIG. 7
having one node with a changed refractive index in accor-
dance with the present invention;

FIGS. 9A, 9B and 9C represent a method of forming a
scaled photonic structure;

FIG. 10 1s a cross sectional view of a one dimensional
coniligurable photonic crystal;

FIGS. 11 A and 11B depict another embodiment of the one
dimensional configurable photonic crystal;.

FIG. 12 depicts a transmission percentage versus wave-
length graph of the embodiment of FIGS. 11A and 11B; and

FIG. 13 depicts another embodiment of a one dimensional
configurable photonic structure.

DETAILED DESCRIPTION

FIG. 1 depicts a perspective view of a first embodiment of
the present invention comprising a configurable crystal 100.
The configurable crystal 100 comprises a substrate 102 and
a fluid distribution assembly 104. The substrate 102 com-
prises a plurality of cylindrical apertures 106 that are
referred to herein as pillars 106. The pillars are formed as
cylindrical apertures that extend through the substrate 102
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from the top surface 108 to the bottom surface 110 thereof.
The substrate 102 may be formed of glass, silicon, gallium-
arsenide, various III-V semiconductor materials, and the
like. In essence, any transmissive material that transmits a
particular wavelength of interest. The apertures 106 are
generally formed by etching the substrate 102. In one
alternative embodiment, a plurality of glass tubes are fused
into a bundle and the bundle 1s heated and linearly drawn. As
the bundle 1s drawn, the holes 1n the tubes shrink to form the
apertures 106. The apertures have a sub-micron diameter,
¢.g., 0.75 um. To refract the light and have a filtering etfect,
the pillars 106 are arranged 1n a two-dimensional array
having typically about 5 rows and 10 columns of apertures
or more. As 1s known 1n the prior art, the pillars form a
Brillouin zone that generally requires 2 or 3 rows of pillars.
The zone 1s defined by the geometry of the pillars 1n the
substrate.

Light (or other electromagnet radiation) is generally inci-
dent upon the substrate 102 as represented by arrow 112. As
shall be described below, the configuration of the pillars and
the material property thereof cause the incident light to be
refracted and filtered as 1t propagates through the substrate.
Alternatively, the specific arrangement of material proper-
ties within the pillars may cause the incident light to be
directed out of the crystal at a particular angle or location
along the substrate. The material property of each of the
pillars 106 1s reversibly controlled by the fluid distribution
assembly 104. The material properties may include refrac-
five 1ndex, magnetic permeability, inducible refractive
index, absorption and the like.

FIG. 2 1s a top plan view of the surface 108 of the
configurable crystal 100 of FIG. 1. The pillars have a radius
r on the order of 0.5 um—0.8 ym and a spacing a of less than
a micron for optical wavelengths. The radius and spacing
and the two dimensional arrangement of the pillars estab-
lishes a nominal function of the crystal, 1.e., whether the
crystal is a filter or a director of the light path (a switching
function). To facilitate a reversible control of the filtering
function or switching function, the pillars are filled (or
emptied) with a material having, for example, a particular
refractive index. In accordance with one embodiment of the
present mnvention, the refractive index of any one or more of
the pillars 1s alterable. Computer models are available to aid
in the design of the photonic crystal, where the radius,
spacing, array arrangement, and refractive index are vari-
ables within the model. The model can be used to compute
specific filter characteristics depending upon the variables.
The modeling will identify specific nodes of the crystal
structure and the refractive index of those nodes that will
produce certain characteristics for the crystal. The fluid
distribution assembly 104 can then be used to alter the
refractive index 1n the specified nodes to produce a physical
crystal that corresponds to the crystal structure model.

FIG. 3 depicts a cross sectional view of the configurable
crystal 100 taken along line 3—3 of FIG. 1. The substrate
102 contains a plurality of nodes 106,, 106,, 106, and 106,
that are each filled with a first material 302 having a specific
refractive index. This material may be a fluid, a material of
suitable index 1n a fluud, or a gas such as air. In some
embodiments of the invention, the fluid 302 may have a
refractive index that substantially matches the refractive
index of the substrate 102. The fluid 302 is provided and
maintained within the pillars 106 by pumps 300 that are
controlled by a controller 304. The controller 304 supplies
clectrical voltages to the individual pumps 300 to facilitate
movement of fluid into and out of the pillars 106. The pumps
may be electrohydrodynamic pumps, electroosmotic pumps,
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4

clectrophoresis pumps, thermocapillarity pumps, elec-
trowetting pumps and electrocapillarity pumps or a combi-
nation thereof. These various types of pumps for moving
fluid within a capillary are well know within the art.
Generally, they operate by applying a voltage to the pump to

move a particular fluid, plug of fluid or component of the
fluid from one location 1n the pillar to another location.

FIG. 4 depicts the structure of FIG. 3 having a new fluid
400 pumped into pillar 106,. This fluid 400 has a different
refractive index than the fluid 302 m pillars 106,, 106 and

106,. Consequently the crystal structure has been reconfig-
ured to provide a different filtering characteristic or switch-
ing characteristic.

For example, FIG. 5 depicts a graph of a transmission
percentage (axis 502) versus wavelength (axis 500) for a
photonic structure for a crystal such as that in FIG. 1. In a
first state (represented by graph 504), the refractive indices
of the pillars are chosen to suppress transmission of light
through the crystal due to the band gap structure of the
photonic crystal. Upon 1nsertion of a fluid having a different
refractive 1ndex into one or more pillars, the transmission
characteristics of the crystal are changed such that at wave-
length A, light is transmitted by the crystal structure repre-
sented by graph 506. The peak transmission occurs at point
S08 corresponding to wavelength A,.

FIG. 6 depicts a graph of transmission percentage versus
wavelength for another embodiment of the invention. In this
embodiment, the refractive indices are selected to provide a
broadband filtering effect where certain ones of the pillars
are filled with material that causes the structure to switch
from a highly transmissive crystal represented by graph 600
to a crystal having wavelengths between A, and A, substan-
tially suppressed. The suppression 1s due to the band gap
structure of the photonic crystal. In some embodiments, the
refractive indices of the pillars could be selected such that
light within the bandwidth A, to A, 1s directed to a speciiic
output location along the edge of the substrate. In some
mstances this direction could be at the side of the substrate,
when the incident light enters at the front of the substrate,
such that the wavelength of interest 1s output physically
ninety degrees from the location the incident light entered
the substrate.

For example, FIG. 7 depicts a top plan view of at substrate
700 having a two dimensional array of pillars 702. In the first
state of this array, light input at location 704 propagates
through the substrate to output at location 706. This is
ogenerally a direct linear propagation through the substrate.
FIG. 8 depicts the array of FIG. 7 having one of the pillars
800 with a changed refractive index. In this case, the
changed refractive index causes the pillar 800 to have a
refractive 1ndex that matches the refractive index of the
substrate 700. This change in refractive index causes the
light that 1s 1nput at location 604 to be bent and returned to
that same surface that the light entered and output at location
802. As such, this one change has caused the light to be
redirected 180°. In practice, the substrate 700 can be used as
a switch such that, when the refractive index of pillar 800 1s
changed, the light will be switched from location 706 to
location 802 and vice versa.

Although the foregoing description has described the
invention using a two dimensional array of pillars as the
control nodes within the crystal structure, the 1nvention can
be expanded such that the nodes are arranged i1n a three
dimensional array of spherical cavities that are intercon-
nected by a capillary structure to allow fluid to be pumped
into and out of the cavities to change the refractive index of
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cach of the spherical cavities. As such, the crystal structure
can be a three dimensional configurable photonic crystal that
operates 1n accordance with the present invention. As such

the nodes 702 shown m FIGS. 7 and 8 can be spherical
cavities within a three dimensional structure, where the view

taken 1n FIGS. 7 and 8 1s cross sectional through a plane
containing a plurality of spherical cavities.

In another embodiment of the invention, the substrate 102
can be configured and then removed from the fluid distri-
bution assembly 104. The substrate 102 1s then sealed to
provide a fixed photonic crystal structure. FIGS. 9A, 9B and
9C depict a process for creating a sealed photonic crystal
structure 906. FIG. 9A depicts a perspective view of the
substrate 102 coupled to the fluid distribution assembly 104
such that the nodes 106 are configcured to have certain
refractive indices. Once configured, some of the nodes 900
have different refractive indices than other nodes. The
particular configuration could be determined using a com-
puter model as discussed above and the nodes altered to
correspond to the model. Once the array 1s “programmed”,
the fluid distribution assembly 104 1s removed from the
substrate 102 as shown in FIG. 9B. In FIG. 9C, the array 1s
scaled either by complete encapsulation or depositing a top
scaling layer 904 and a bottom sealing layer 902 upon the
substrate 102 to form the sealed photonic crystal structure
906. The sealing layers 902 and 904 insure that the fluid
within the nodes will not be contaminated or drained from
the nodes. In this manner, a photonic crystal can be config-
ured using the techniques of the invention and then sealed to
provide a crystal structure having a fixed characteristic. As
such, photonic crystals of a specified characteristic can be
mass-produced using assembly line manufacturing tech-
niques. In another embodiment, the fluid 1s a material, such
as a silicone elastomer (CORNING SYLGART 184, RTV),
that polymerizes changing from a fluid to a solid or semi-
solid by chemical, temperature or radiation (example: ultra
violet radiation) effects. In another embodiment the material
polymerizes changing material properties such as refractive
index.

The foregoing discussions have focused upon two-
dimensional and three-dimensional arrays of nodes that are
configurable through the use of a fluid distribution array 104.
The techniques of the invention may also be used 1n a
one-dimensional array. FIG. 10 1s a cross sectional view of
a one-dimensional array in accordance with the present
invention. The structure 1000 comprises a substrate 1002
having a Bragg cell 1010 positioned within a channel or
cylindrical cavity 1011. The Bragg cell 1010 comprises
alternating material layers 1012 and 1014 having different
refractive indices. The layers 1012 and 1014 are structured
to provide a nominal bandwidth and frequency selection for
transmission and reflection of light from the cell 1010. Light
is incident (as represented by arrow 1016) upon the Bragg
cell, some of that light is reflected from the cell (as repre-
sented by arrow 1018) and some of the light is transmitted
(as represented by arrow 1020). A transparent electrode 1022
1s formed upon the bottom layer 1025 of the Bragg cell 1010
and coupled to a controller 1024. The channel 1011 1s
partially filled with a fluid 1004 having a particular refrac-
five index and a surface 1028. Air or some other compress-
ible material 1s trapped between the surface 1028 and the
clectrode 1022 to form a region 1026. When voltage 1s
applied to the electrode 1022 by the controller 1024 the tluid
1004 moves. The surface 1028 from location 1006 to a new
position at location 1008. As such, the width of the region
1026 1s altered such that the characteristics of the structure
1000 are altered to change the nominal frequency operation
of the structure. Consequently, the passband frequency 1is
shifted due to the change 1n the width of region 1026. In
eifect, the region 1026 and the fluid 1004 form two addi-
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tional layers of the Bragg cell that are configurable to alter
the characteristics of the Bragg cell.

FIGS. 11A and 11B depict a cross section of another
embodiment of the one-dimensional structure. FIG. 11A
depicts a cross section of a structure 1100 having a substrate
1102 and a laterally directed channel 1106 containing a tluid
1110 coupled to a pump 1108. A Bragg cell 1104 1s formed
in the substrate 1102 and the bottom layer of the Bragg cell
1104 abuts the channel 1106. In FIG. 11A, the fluid 110 i1s
positioned at location 1118. While the fluid 1s at position
1118, an incident light (represented by arrow 1112) has a
certain percentage of the light reflected from the Bragg cell
(as represented by arrow 1114) and a certain percentage
transmitted by the Bragg cell (as represented by arrow 1116).
The pump 1108 may be an electrohydrodynamic pump, an
clectroosmotic pump, an electrophoresis pump, a ther-
mocapillarity pump, an electrowetting pump or an electro-
capillarity pump. Such pumps are well known 1n the art. The

pump 1108 moves the fluid 1110 1nto position within chan-
nel 1106 beneath the Bragg cell 1104. FIG. 11B depicts the

structure 1100 of FIG. 11A having the fluud 1110 moved
from location 1118 to location 1120. The fluid 1110 has a
different refractive index than the fluid or air that previously
was beneath the Bragg cell 1104. As such, with the change
In refractive index, the transmission and reflection charac-
teristics of the structure 1100 are changed.

FIG. 12 depicts a graph of transmission percentage (axis
1200) versus wavelength (axis 1202) for the embodiment of
the mvention 1in FIGS. 11A and 11B. For the embodiment in
FIG. 11A, the graph 1204 has a peak transmission 1208 at
frequency A,. This peak 1208 1s altered when the fluid 1s
moved beneath the Bragg cell to form the graph 1206 having
a peak 1210 at frequency A, . In effect, movement of the fluid
benecath the Bragg cell alters a bottom layer of the Bragg cell
enabling the structure to be used as tunable filter or a switch.

FIG. 13 extends the concepts described in relation to
FIGS. 10, 11A and 11B to include a mult1 layer control
structure. FIG. 13 depicts a cross section of a one dimen-
sional crystal structure 1300 having a substrate 1302 con-

taining a Bragg cell 1322 and a plurality of fluid nodes
embodied as channels 1304, 1306, 1308 that are coupled to

pumps 1310, 1312 and 1314. The channels each contain a
fluid 1316, 1318 and 1320 that can be selectively moved into

or out of the path of light from the Bragg cell to the output
of the structure 1300. In this manner, selective positioning of
the fluids changes the refractive index in each of the chan-
nels to change the filtering characteristics of the structure
1300. Thus, the incident light (arrow 1324) will be reflected
(arrow 1326) and transmitted (arrow 1328) for each different
combination of fluids. Although three channels are depicted
in FIG. 13, those skilled in the art will understand that any
number of channels may be used to further control the
frequency selectivity and/or bandwidth of the structure

1300.

In addition to the Bragg cells of FIGS. 10, 11 and 13, the
fluid structures can be placed between the Bragg cells so
there will be a Bragg cell on the top and on the bottom of the
fluid channel or channels. In essence, the fluid channels form
additional layers of the Bragg cell and such placement
merely changes the characteristics of the Bragg cell allowing
additional tuning tlexibility. Although the foregoing discus-
sion has focused upon the use of the structures for control of
light propagation, the structures can also be used for con-
trolling electromagnetic radiation propagation by filling the
nodes with magnetic materials such as ferrites, dielectrics,
conductors and selectively controlling which nodes have
such materials and which do not. Consequently, the appli-
cation of electromagnetic radiation, such as microwaves, to
such a crystal will selectively control the propagation of the
radiation through the crystal to form an electromagnetic
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filter or switch, e€.g., a microwave filter or switch. The crystal
structure will then operate on the microwaves in the same
manner that such a structure operates on light 1n the prior
embodiments.

As discussed above, the configurable photonic crystal can
be used as an optical switch or as an optical filter depending,
on the characteristics of the crystal structure. The config-
urable photonic device can also be used 1n such applications
as a laser, a laser array, optical filtering and switching
devices used 1n optical multiplexers and other components,
variable optical attenuators, variable dispersion
compensators, polarization controlling and compensation
devices and collimating devices. In essence, the devices of
the present invention can be used 1n any application where
configurable photonic characteristics are necessary or
desired. Further uses of the invention are as a pixel for a
display device where the pixel consists of a tunable photonic
structure and the electronic control of its refractive index
may be used to create red, green and blue pixels for
transmission of a white backlight.

While foregoing 1s directed to the preferred embodiment
of the present invention, other and further embodiments of
the 1nvention may be devised without departing from the
basic scope thereof, and the scope thereof 1s determined by
the claims that follow.

What 1s claimed 1s:

1. Apparatus for controlling electromagnetic radiation,
comprising:

a substrate having at least one node, where said at least

one node has a material property; and

a control assembly, coupled to the at least one node, for
applying a fluid to the at least one node to selectively
change the material property of said at least one node.

2. The apparatus of claim 1 wherein said nodes are

arranged 1n a one-dimensional array.

3. The apparatus of claim 2 wherein the at least one node

in the one-dimensional array comprises:

at least one cavity containing a fluid; and

a pump for moving the fluid 1n the cavity to alter the
material property of the cavity.
4. The apparatus of claim 3 wherein the at least one node
in the one-dimensional array comprises:

a Bragg cell positioned proximate the cavity.

5. The apparatus of claim 4 wherein the cavity comprises
a fluid and the surface of the fluid and a bottom of the Bragg
cell form a region, where a size of the region is altered to
change the material property of the at least one node.

6. The apparatus of claim 4 wherein the cavity 1s a channel
having a liquid that 1s moved out of and in to position
proximate the Bragg cell to alter the material property of the
at least one node.

7. The apparatus of claam 1 wherein said nodes are
arranged 1n a two-dimensional array.

8. The apparatus of claim 7 wherein the at least one node
COMprises:

at least one pillar formed 1n the substrate;

a pump coupled to the at least one pillar for supplying a
fluid to the at least one pillar to alter the material
property of the at least one pillar.

9. The apparatus of claim 1 wherein said nodes are

arranged 1n a three-dimensional array.

10. The apparatus of claim 9 wherein the at least one node

COMprises:
at least one spherical cavity formed 1n the substrate;
a pump coupled to the at least one spherical cavity for
supplying a fluid to the at least one spherical cavity to

alter the material property of the at least one spherical
cavity.
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11. The apparatus of claim 1 further comprising a seal
layer encapsulating the substrate.

12. The apparatus of claim 1 wherein the substrate 1s a
photonic crystal structure for controlling the propagation of
light.

13. The apparatus of claim 1 wherein the substrate 1s
fabricated of a material selected from a group comprising:
glass, ceramic, or semiconductor.

14. The apparatus of claim 1 wherein the material prop-
erty 1s at least one of a refractive index, a magnetic
permeability, an inducible refractive index, and absorption.

15. The apparatus of claim 1 wherein the fluid 1s an
clastomer that polymerizes within the substrate.

16. The apparatus of claim 15 wherein the fluid, once
polymerized, changes the material property of the at least
one node.

17. The apparatus of claam 1 wherein the control assembly
comprises a pump selected from a group of pumps including
a electrohydrodynamic pump, a electroosmotic pump, elec-
trophoresis pump, a thermocapillarity pump, a electrowet-
ting pump and a electrocapillarity pump.

18. A method of configuring a photonic crystal compris-
Ing:

coupling a fluid distribution assembly to a substrate

having a plurality of nodes; and

supplying fluid having a specific material property to
selected nodes, whereby the substrate functions as a

photonic crystal.
19. The method of claim 18 further comprising;:

detaching the liquid distribution assembly from the sub-
strate; and

applying a sealant to the substrate.

20. The method of claim 18 wherein the material property
1s at least one of a refractive index, a magnetic permeability,
an 1nducible refractive index, and absorption.

21. The apparatus of claim 18 wherein the fluid 1s an
clastomer that polymerizes within the substrate.

22. The apparatus of claim 21 wherein the fluid, once
polymerized, changes the material property of the at least
one node.

23. The apparatus of claim 18 wherein the supplying step
comprises pumping using a pump selected from a group of
pumps including a electrohydrodynamic pump, a electroos-
motic pump, electrophoresis pump, a thermocapillarity
pump, a electrowetting pump and a electrocapillarity pump.

24. A method of configuring a crystal having a substrate
and at least one node formed 1n the substrate, comprising;:

pumping a fluid i or out of the at least one node to alter
a material property of the at least one node; and

applying electromagnetic radiation to the crystal to switch
or filter the electromagnetic radiation.
25. The method of claim 24 wherein the electromagnetic
radiation comprises microwaves or light.
26. The method of claim 24 wherein said pumping step
COmMPrises:

applying a control voltage to at least one pump selected
from a group of pumps including a electrohydrody-
namic pump, a electroosmotic pump, electrophoresis
pump, a thermocapillarity pump, a electrowetting
pump and a electrocapillarity pump.



	Front Page
	Drawings
	Specification
	Claims

